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moduces it This becomes the cause of degrading remarkably the image of the pattern imprinted by the resist ... 
C0008 1 As an approach of solving these problems, die method of spraying the oxygen (02) gas of 1 0-3Torr extent on said optical element 
during exposure was proposed (9 J. VacSci.Technol.B 1991p 3 193). According to this approach, the carbonaceous amount of deposits can 
be held down to about [ conventional ] 1/10, but if the oxygen gas of such a high pressure is introduced in a vacuum housing during 
ffltoosure the rate of the X-ray absorbed by this gas will become large. Therefore, even if it uses mis approach, the reinforcement of the X- 
ravwhich reaches a wafer will fell, and the sharp fall of the throughput of an aligner will be caused. During exposure, when having not 
carried out a stop and exposure for installation of oxygen gas, spraying oxygen gas was also considered, but this carbon was not able to be 
removed even if it sprayed oxygen gas on the carbon which already deposited on the surface of the optical element 
[0009] This invention aims at solving such a problem. 

Sleans for Solving the Problem] For the above-mentioned purpose, in invention (henceforth the 1st invention) according to claim 1 In the 
X-ray aligner which has the X-ray optics system which consists of the mask and optical element in which the desired pattern was formed, 
irradiatesan X-ray at this mask, and projects said pattern on a wafer, and the vacuum housing which holds this X-ray optics system 
throughout [ vacuum sky ] A means to irradiate the ion beam of oxygen was formed in at least one field of said optical element and the 

^Umoreover in invention (henceforth the 2nd invention) according to claim 2, it consisted of the mask and optical element in which 
the desired pattern was formed, and a means to irradiate ozone was formed in at least one field of said optical element and the front face of 
a mask in the X-ray aligner which has the X-ray optics system which irradiates an X-ray at this mask and projects said pattern on a wafer, 
and the vacuum housing which holds this X-ray optics system throughout [ vacuum sky ]. 

r0012] furthermore in invention (henceforth the 3rd invention) according to claim 3 In the X-ray aligner which consists of a vacuum 
housing which holds the X-ray optics system which has the mask and optical element in which the desired pattern was formed, irradiates an 
X-ray at this mask, and projects said pattern on a wafer, and this X-ray optics system throughout [ vacuum sky ] A heating means to heat at 
least one optical element front face and mask front face which constitute said X-ray optics system was established. 
T00131 Further again in invention (henceforth the 4th invention) according to claim 4 In the X-ray aligner which has the X-ray optics 
sYstem which consists of the mask and optical element in which the desired pattern was formed, irradiates an X-ray at this mask, and 
projects said pattern on a wafer, and the vacuum housing which holds mis X-ray optics system throughout [ vacuum sky ] It was made to 
perform processing make it hard to adhere carbon to at least one field of said optical element and the front face of a mask. 

■Function] The organic compound adhering to an optical element or the front face (adsorption) of a mask is decomposed by the energy of 
die irradiated X-ray, and, thereby, atom-like carbon deposits. Since it will become carbon dioxide gas, such as CO, and the carbon of the 
shape of this atom will be evaporated if it reacts with oxygen, it is removed from said component front face. However, since oxygen gas 
((XOwas comparatively stable, it could not react easily with carbon, and it needed to be supplied in large quantities to make carbon dioxide 
gas form. Moreover, with the carbon which has already deposited, since it does not react, if it does not introduce in a vacuum housing 
during exposure, adhesion of carbon cannot be prevented. . . . , 0 , 

10015] On the other hand, the ozone gas (03) which is a kind of the radical of an oxygen ion beam (0+) or oxygen used by said 1st and 2nd 
invention is possible also for removing very much the carbon which reactivity with carbon was high and already deposited in activity. 
Therefore if these oxygen ion beam and ozone gas are irradiated on an optical element or the front face of a mask, it is possible to prevent 
a deposit of carbon efficiently with a small exposure (for a pressure to be 10-5 - 10-4Torr extent). Consequently, even if it introduces these 
beams and gas in a vacuum housing, the rate of a fall of the X-ray intensity produced by an X-ray being absorbed can be held down to 
extent which does not pose a problem. ' • " 

rOOlol By the way generally the condensation coefficient or sticking probability of adsorption of a molecule on the front face of a body 
becomes so low that temperature is high. If the residence time tau of the molecule adhering to a body front face (adsorption) sets activation 
energy for being desorbed from the temperature on the front face of a body to Ed from T and a front face and a Boltzmann's constant is set 
to k, it can be expressed like a bottom type. 
[0017] 
[Equation 1] 

r = r o e x p (BoV k T ) 

[001 8] Therefore, the residence time tau of the adhering molecule will become small, and this molecule will evaporate from a front face in 
short time amount, so that the temperature T on the front face of a body is high. Then, in said 3rd invention, adhesion of the organic 
compound which is the principal component of the gas emitted from the resist was prevented by heating an optical element and the front 
face of a mask beforehand. Thereby, adhesion of the compound on an optical element or the front face of a mask can be reduced sharply, 
and a deposit of carbon can also be prevented. In this case, although the antisticking effectiveness of an organic compound also becomes 
high so that the hearing temperature of an optical element or a mask is high, on the occasion of operation, that temperature is set up in 
consideration of the thermal resistance of an optical element or a mask. For example, when the pattern of a transparency mold mask is 
formed with membranes, such as silicon nitride (SiN), and the X-ray absorption object of refractory metals, such as a tantalum (Ta) and a 
tungsten (W), which formed membranes on this, this mask can be heated to about 1000 degrees C. By the reflective mold mask which used 
multilayers, or the multilayers mirror, heat-resistant temperature changes with ingredients which constitute multilayers. When the 
multilayers of the combination of Mo and Si with comparatively low thermal resistance are used, heating temperature is restricted to 200 
extent, but when the multilayers which combined Mo and Care used, it can heat to 500 extent 

[00 1 9] In said 4th invention, since surface treatment which makes surface free energy of an optical element low has been performed to the 
optical clement or the front face of a mask, a deposit of carbon can be prevented. For example, if the thin coat of fluorine system plastics is 
formed in an optical element or the front face of a mask, the surface free energy of a component or a mask will become low, and other 
matter will stop being able to adhere easily. Consequently, adhesion of an organic compound or this compound can prevent adhesion of the 
carbon generated by decomposing. As said fluorine system plastics, the Pori polytetrafluoroethylene, poly KURORU trifluoro ethylene, 
polyvinylidene fluoride, and vinyl fluoride, Teflon (copolymer of tetrafluoroethylene and a FEKISA Fluor propylene), etc. can be used, for 
example. These fluorines system plastics can be formed with vacuum deposition. The thickness of covering of fluorine system plastics is 
good at several 10 - number 100 *♦ extent 
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f0020] A deposit of the carbon to the optical element which constitutes the optical system of an aligner, or the front face of a mask can be 
effectively prevented by combining some any one of the above 1st - the 4th invention, or of them. In addition, it is necessary to not 
necessarily take such measures against no optical elements of the optical system which constitutes an aligner. Usually, sufficient 
effectiveness can be acquired if the X-ray intensity irradiated by per unit area carries out only to the mirror which a large optical element, 
i.e., the optical element of the upstream (side near the light source) of optical system, and the flux of light are thinly extracted, and carries 
out incidence especially. 

rExample 1] Drawing 1 is the outline block diagram showing one example of said 1st invention, and shows the principal part of the X-ray 
aligner of the contraction projection mold using a reflective mold mast The X-ray aligner of this example consists of vacuum housings 7 
which contain the wafer stage (not shown) and each [ these ] requirement for a configuration for laying the illumination-light study system 
(not shown) which chooses only the X-ray of predetermined wavelength (mis example near 130A) from the X-ray which earned out 
outgoing radiation of the X line source, the reflective mold mask 2, the Schwartz SHIRUDO mirror 1 2 which constitutes a reduced- 
projection-exposure system (image formation optical system), and a wafer 5. In order to maintain the path of an X-ray to a predetermined 
degree of vacuum, exhaust air means (not shown), such as an ion pump, are formed in the vacuum housing 7: 

[00221 The Schwartz SHIRUDO mirror 12 used as said contraction projection optics consists of two mirrors of a lens-barrel 9, the convex 
mirror 4 installed in the interior, and a concave mirror 3. Multilayers are formed in the reflector of each [ these ] mirror the shape of a 
convex and in the shape of a concave surface, respectively. The multilayers of the combination of Mo/Si were used for the multilayers 
prepared as the reflective section of the multilayers used with the convex mirror 4 and the concave mirror 3, and the reflective mold mask 
2 

[0023] In the X-ray aligner of such a configuration, the wavelength near 130 •* is chosen by passing along an illumination-light study 
system, and incidence of X-ray 6 which carried out outgoing radiation from X line source is carried out to the reflective mold mask 2. Hie 
beam of light 6 reflected with the mask 2 carries out image formation of the contraction image of the pattern formed at the mask 2 on the 
wafer 5 which applied the PMMA resist, after reflecting by a unit of 1 time, respectively with the convex mirror 4 and concave mirror 3 
which constitute the Schwartz SHIRUDO mirror 12. In addition, this Schwartz SHIRUDO mirror 12 is* arranged in the condition of having 
inclined for a while to the direction of incidence of X-ray 6 so that X-ray 6 which passes the Schwartz SHIRUDO mirror 1 2 may not be 
interrupted by the convex mirror 4. 

[0024] The X-ray aligner of this example is constituted so that the oxygen ion beam 61 can be irradiated again at the reflective mold mask 
2 which is a part of optical element and the convex mirror 4 of the Schwartz SHIRUDO mirror 12 which constitute the optical system And 
it has the ion source 1 , the flowmeter 8, the gas supply line 13, and the source 14 of gas supply as a means for it Ion source la irradiates an 
ion beam at the surface section of the reflective mold mask 2, and it is installed in the wall surface of a container 7 through the flange so 
that the sealing condition of the vacuum housing 7 interior can be maintained. Ion source lb irradiates an ion beam at the surface section of 
a convex mirror 4, and is attached in opening 9a prepared in the lens-barrel 9 of the Schwartz SHIRUDO mirror 1 2. In addition, on the 
occasion of installation of both the ion sources 1 a and 1 b, the attaching position is suitably set up so that X-ray 6 may hot be interrupted. It 
is ECR, although the ion gun of the Kaufrmann mold generally used was used as the ion source 1 when obtaining an ion beam Other ion 
guns, such as a mold, may be used. These ion guns consist of ionizing a gas (it setting to mis example and being oxygen gas), and 
accelerating this ion by electric field, a magnetic field, etc. so that beam-like ion can be irradiated towards desired. The oxygen gas (02) 
supplied from the source 14 of gas supply is introduced into each ion sources la and lb through Flowmeters 8a and 8b through a gas 
supply line 13, respectively. Since the amount of the oxygen ion beam (O+) 61 which carries out outgoing radiation from the ion sources la 
and lb is decided by gas pressure introduced into the ion source, the oxygen ion beam 61 of the specified quantity is irradiated by the 
reflective mold mask 2 and the convex mirror 4 by controlling a flow meter 8. Moreover, the acceleration voltage of the oxygen ion beam 
61 can be adjusted by controlling the electrical potential difference given to the electrode (grid) for pulling out the ion prepared in said 
Kaufrmann mold ion gun. As for this acceleration voltage, it is desirable to set it as extent (several lOOeV following, preferably several 
lOeV or less) to which the irradiated ion affects neither an optical element nor a mask. In addition, in this example, the ion beam is not 
irradiated at a concave mirror 3. Since reflection of X-ray 6 which carries out incidence of this reason to a concave mirror 3 is carried out 
twice (the reflective mold mask 2 and convex mirror 4) and it is already decreased to some extent by multilayers, reinforcement is falling, 
And since the concave mirror 3 is installed in the part into which the flux of light of X-ray 6 spreads, the X-ray intensity per unit area is 
because a deposit of carbon is not so remarkable in a low thing compared with other optical elements (the reflective mold mask 2 and 
convex-mirror 4 grade) more. 

[0025] In the X-ray aligner of this example, the oxygen gas of 2sccm(s) was introduced into each ion sources 1 a and 1 b through 
Flowmeters 8a and 8b, according to the drive power source of said ion source 1, 500 V and the 10mA oxygen ion beam 61 were pulled out, 
and the oxygen ion beam 61 was irradiated on the front face of the reflective mold mask 2 and a convex mirror 4, respectively. Thereby, in 
the vacuum housing 7, said oxygen ion and the oxygen gas which was not ionized were introduced. The pressure in the vacuum housing 7 
at this time was abbreviation 5x 1 0-5Torr. 

[0026] Under such an environment, the wafer 5 which applied the resist was laid in said wafer stage, exposure by the X-ray was performed, 
and the dose (X-ray intensity per unit area) of the X-ray which reached the wafer 5 (resist) was measured. Consequently, the proper dose 
required for exposure was obtained by the same exposure time as the case where it exposes in the vacuum of the pressure of 2xlO-6Torr 
without irradiating an oxygen ion beam, and absorption of the X-ray by oxygen ion and the oxygen which was not ionized was small to 
extent which can be disregarded. 

[0027] Moreover, when exposure to the resist by the X-ray was performed 1000 times, always irradiating the oxygen ion beam 61 at the 
reflective mold mask 2 and a convex mirror 4, the dose of a proper X-ray was obtained by the exposure time same to the last, and the 
strength reduction of the X-ray which reaches a resist was not accepted. When a resist is exposed without irradiating an oxygen ion beam 
for a comparison, if about ten exposure is performed, by the same exposure time, a proper dose will no longer be obtained. And in order to 
obtain a proper dose after exposing 50 times, the exposure time needed to be extended to about 2 times at the time of exposure initiation. 
Moreover, the resolution of the exposed pattern also declined. In this condition, the X-ray irradiated only the oxygen ion beam 61 for 10 
minutes by the ion source 1 at the reflective mold mask 2 and the convex mirror 4, without irradiating. And when the X-ray was irradiated 
again and the resist was exposed, a proper dose came to be obtained by the first exposure time. Moreover, it recovered to the condition 
which also begins the resolution of a resist. It turns out that the carbon which deposited on the surface of the optical element (the reflective 
mold mask 2 and convex mirror 4) was removed, and it recovered from this result in the original condition by the exposure of an oxygen 
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ion beam. , 

[Example 21 Drawing 2 is the outline block diagram showing other examples of said 1st invention, and shows the principal part of the X- 
ray aligner of the contraction projection mold using a transparency mold mask. In drawing 2 , the same sign is attached about the 
requirements for a configuration which have the same function as drawing 1 , and the explanation is omitted suitably, 
f 00291 The X-ray aligner of this example has the composition of having used the transparency mold mask instead of the reflective mold 
mask in the X-ray aligner of an example 1 . The beam of light 6 which penetrated the transparency mold mask 22 carries out image 
formation of the contraction image of the pattern formed at the mask 22 on the wafer 5 which applied the PMMA resist, after reflecting by 
a unit of 1 time, respectively with the convex mirror 4 and concave mirror 3 which constitute the Schwartz SHIRUDO mirror 12. 
[00301 It constitutes from an X-ray aligner of this example so that the oxygen ion beam 62 can be irradiated at the transparency mold mask . 
22 and the convex mirror 4 of the Schwartz SHIRUDO mirror 12. And it has the ion source 1, the flowmeter 8, the gas supply line 13, and 
the source 14 of gas supply as a means for it Ion source la irradiates an ion beam at the surface section of the transparency mold mask 22, 
and it is installed in the wall surface of a container 7 through the flange so that the sealing condition of the vacuum housing 7 interior can 
be maintained Ion source lb irradiates an ion beam at the surface section of a convex mirror 4, and is attached in opening 9a prepared in 
the lens-barrel 9 of the Schwartz SHIRUDO mirror 12. In addition, on the'occasion of installation of both the ion sources la and lb, the 
attaching position is suitably set up so that X-ray 6 may not be interrupted Moreover, in this example, the ion beam is not irradiated for the 
same reason as an example 1 at a concave mirror 3. . t t. 

[003 11 In the X-ray aligner of this example, the oxygen gas of 2sccm(s) was introduced into each ion sources 21a and 21b through 
Flowmeters 8a and 8b, according to the drive power source of the ion source 21, the oxygen ion beam (200V and 10mA) 62 was pulled out, 
and the oxygen ion beam 62 was irradiated on the front face of the transparency mold mask 22 and a convex mirror 4, respectively. 
Thereby, in the vacuum housing 7, said oxygen ion and the oxygen gas which was not ionized were introduced. The pressure in the vacuum 
housing V at this time was abbreviation 5x1 0-5Torr. 

[0032] Under such an environment, the wafer 5 which applied the resist was laid in said wafer stage, exposure by the X-ray was performed, 
and the dose (X-ray intensity per unit area) of the X-ray which reached the wafer 5 (resist) was measured Consequently, the proper dose 
required for exposure was obtained by the same exposure time as the case where it exposes in the vacuum of the pressure of 2xlO-6Torr 
without irradiating an oxygen ion beam, and absorption of the X-ray by oxygen ion and the oxygen which was not ionized was small to 
extent which can be disregarded. t . . . _ . 

[00331 Moreover, when exposure to the resist by the X-ray was performed 1000 times, always irradiating the oxygen ion beam 62 at the 
minsparency mold mask 22 and a convex mirror 4, the dose of a proper X-ray was obtained by the exposure time same to the last, and the 
strength reduction of the X-ray which reaches a resist was not accepted. When a resist is exposed without irradiating an oxygen ion beam 
for a comparison, if about ten exposure is performed, by the same exposure time, a proper dose will no longer be obtained. And in order to 
obtain a proper dose after exposing 50 times, the exposure time needed to be extended to about 2 times at the time of exposure initiation. 
Moreover, the resolution of the exposed pattern also declined. In this condition, the X-ray irradiated only the oxygen ion beam 62 for 10 
minutes by the ion source 1 at the transparency mold mask 22 and the convex mirror 4, without irradiating. And when the X-ray was 
irradiated again and the resist was exposed, a proper dose came to be obtained by the first exposure time. Moreover, it recovered to the 
condition which also begins the resolution of a resist It turns out that the carbon which deposited on the surface of the optical element (the 
transparency mold mask 22 and convex mirror 4) was removed, and it recovered from this result in the original condition by the exposure 
of an oxygen ion beam. 
[0034] 

[Example 3] Drawing 3 is the outline block diagram showing one example of said 2nd invention. In drawing 3 , the same sign is attached 
about the requirements for a configuration which have the same function as drawing 1 , and the explanation is omitted suitably. Ozone gas 
(03) is used for the X-ray aligner of mis example instead of the oxygen ion beam used in the example 1, and it constitutes it so that this 
ozone gas may be sprayed on the convex mirror 4 and concave mirror 3 of the reflective mold mask 2 and the Schwartz SHIRUDO mirror 
12. And it has the ozone generator 10, the nozzle 1 1, the flowmeter 8, the gas supply line 13, and the source 14 of gas supply as a means for 
it. The ozone generator 10 generates ozone gas from the oxygen gas supplied from the source 14 of gas supply by approaches, such as 
photodissociation by high frequency discharge, direct current discharge, or ultraviolet rays. The generated ozone gas is sprayed [ through a 
gas supply line 13 ] towards the reflective mold mask 2, a convex mirror 4, and a concave mirror 3 through each flowmeters 8a, 8b, and 8c 
from Nozzles 11a, lib, and 11c, respectively. 

[0035] 1st nozzle 1 la which sprays ozone gas on the reflective mold mask 2 is installed in container 7 wall surface through the flange (not 
shown) so mat the sealing condition of the vacuum housing 7 interior can be maintained. Moreover, the 2nd and 3rd nozzle 1 lb and 11c 
which sprays ozone gas on the convex mirror 4 and concave mirror 3 of the Schwartz SHIRUDO mirror 1 2 is attached in opening prepared 
in the lens-barrel 9 of the Schwartz SHIRUDO mirror 12, respectively. The pressure of the ozone gas introduced in a vacuum housing 7 
from each nozzle 1 1 is controllable by adjusting the flowmeter 8 formed corresponding to each nozzle 1 1 . In addition, on the occasion of 
installation of each nozzle 1 1 , the attaching position is suitably set up so that X-ray 6 may not be interrupted 

[00361 In the X-ray aligner of the above configurations, the ozone gas 63 of 2sccm(s) was sprayed on the convex mirror 4 and concave 
mirror 3 of the reflective mold mask 2 and the Schwartz SHIRUDO mirror 12 from Nozzles 1 la, 1 lb, and 1 lc, respectively. The pressure 
in the vacuum housing 7 at this time was abbreviation 6xl0-5Torr. Under such an environment, the wafer 5 which applied the resist was 
laid in said wafer stage, exposure by the X-ray was performed, and the dose (X-ray intensity per unit area) of the X-ray which reached the 
wafer 5 (resist) was measured. Consequently, absorption of the X-ray by the oxygen which the proper dose required for exposure was 
obtained by the same exposure time as the case where it exposes in the vacuum of the pressure of 2xl0-6Torr without spraying ozone gas, 
and was not dissociated with ozone gas 63 and the ozone generator 1 0 was small to extent which can be disregarded. 
[0037] Moreover, when exposure to the resist by the X-ray was performed 1000 times, always irradiating ozone gas 63 at the reflective 
mold mask 2, a convex mirror 4, and a concave mirror 3, the dose of a proper X-ray was obtained by the exposure time same to the last, 
and the strength reduction of the X-ray which reaches a resist was not accepted. When a resist is exposed without spraying ozone gas for a 
comparison, if about ten exposure is performed, by the same exposure time, a proper dose will no longer be obtained. And in order to 
obtain a proper dose after exposing 50 times, the exposure time needed to be extended to about 2 times at the time of exposure initiation. 
Moreover, the resolution of the exposed pattern also declined. In this condition, the X-ray sprayed only ozone gas 63 on the reflective mold 
mask 2, the convex mirror 4, and the concave mirror 3 for 1 0 minutes, without irradiating. And when the X-ray was irradiated again and the 
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resist was exposed, a proper dose came to be obtained by the first exposure time. Moreover, it recovered to the condition which also begins 
the resolution^ a resist It turns out mat the carbon which deposited on the surface of the optical element (the reflective mold mask 2, a 
concave mirror 3, and convex mirror 4) was removed, and it recovered from this result in the original condition by the thing of ozone gas to 

spray. 
[00381 

rExamole 4] DffiwjngJ is the outline block diagram showing one example of said 3rd invention. In drawjngj , the same sign is attached 
about the requirements for a configuration which have the same function as growing 1 , and the explanation is omitted suitably. The X-ray 
aligner of mis example is Mo/C as the multilayers prepared in the convex mirror 44 which constitutes the Schwartz SHIRUDO mirror 12 
used as said contraction projection optics, and the concave mirror 43, and multilayers prepared as the reflective section of the reflective 
mold mask 42. The multilayers of combination are used Moreover, it has the infrared heater 31 which consists of a reflecting plate which 
turns to the reflective mold mask 42 or a convex mirror 44 the infrared radiation which carried out outgoing radiation, and is reflected from 
an infrared lamp and this lamp as a heating means to heat the reflective mold mask 42 and a convex minor 44. Infrared heater 31b which 
heats a convex mirror 44 is installed so that infrared radiation 64 may be irradiated by the front face of a convex mirror 44 through opening 
9a prepared in the lens-barrel 9 of the Schwartz SHIRUDO mirror 12. A thermocouple (not shown) can be attached in the reflective mold 
mask 42 and a convex mirror 44, and each temperature can be detected, arid it can heat so that it may become desired temperature. In 
addition, on the occasion of installation of these infrared heateT 3 1 , a mermocouple, etc., the attaching position is suitably set up so that X- 
ray 6 may not be interrupted Moreover, in this example, a means to heat a concave mirror 43 is not established for the same reason as an 

[M^lndie X-ray aligner of the above configurations, infrared radiation 64 is irradiated at the infrared heater 3 at the reflective mold 
mask 42 and a convex mirror 44, and both are abbreviation. Exposure to the resist by the X-ray was performed 1 000 times, heating so that 
it may become 500 degrees C. Consequently, change of resolution was not accepted, although it became longer about 5% than the time of 
being the exposure whose exposure time required in order to obtain the dose of an X-ray required for proper exposure is the 1st time after 
exposing 1000 times. On the other hand, in the exposure time same [ when a resist is exposed without heating the reflective mold mask 42 
and a convex mirror 44 ] after performing about ten exposure as the 1st time, the exposure time required in order to obtain a proper dose 
after no longer obtaining a proper dose and exposing 50 times became twice [ about ] the 1 st time. Moreover, the resolution of a pattern 

[OMoHn 'addition, a heating means is not limited to the infrared heater 31 which consists of an infrared lamp, and even if it uses other 

heating means, it can acquire the same effectiveness. 

[0041] 

[Example 5] Drawing 5 is the partial outline sectional view of the optical element or mask which is installed in the X-ray aligner of said 4th 
invention and with which processing make it hard to adhere carbon to a front face has been performed, what uses such an optical element 
or a mask as the concave mirror 3 in equipment, the convex mirror 4, and the reflective mold mask 2 of drawing I - it is - glass or SiC etc. 
- several 10 formed on the substrate 43 which consists of ceramics, and this substrate 43 -100 number It consists of multilayers 42 (the 
number of layers is omitted by a diagram) of a layer, and a PTFE (polytetrafluoroethylene) layer 41 formed on multilayers 42. In addition, 
when using it as a reflective mold mask, the absorber which consists of a tantalum on multilayers 42 is formed in the desired pattern 
configuration, and the PTFE layer 41 was formed on multilayers 42 and anabsorber after that In this case, although it is not necessary to 
limit especially the vertical relation of said absorption band and PTFE layer 41, it is more desirable to use the PTFE layer 41 as the 
maximum top face, in order to increase the adhesion between said absorber which forms a pattern, and multilayers 42. The PTFE layer 41 
is a kind of fluorine system plastics, and surface free energy of this component or a mask can be made low by forming this on a component 
or a mask. 

[0042] The optical clement and mask with which these PTFE layer 41 was formed were installed as the concave mirror, convex mirror, and 
reflective mold mask of the Schwartz SHIRUDO mirror which constitutes an X-ray optics system, and exposure to the resist by the X-ray 
was performed 1000 times. Consequently, change of resolution was not accepted, although it became longer about 5% than the time of 
being the exposure whose exposure time required in order to obtain the dose of an X-ray required for proper exposure is the 1st time after 
exposing 1000 times. On the other hand, when the concave mirror, convex mirror, and reflective mold mask which have not prepared the 
PTFE layer were used, and also the same conditions are set up and a resist is exposed, after performing about ten exposure, by the same 
exposure time as the 1st time, a proper dose is no longer, obtained. And the exposure time required in order to obtain a proper dose after 
exposing 50 times became twice [ about ] the 1 st time. Moreover, the resolution of a pattern also declined 

[0043] In addition, in this example, the PTFE layer was formed in the optical element and the front face of a mask as surface treatment 
which prevents adhesion of carbon. However, surface treatment is not limited to this and may perform other effective processings. 
[0044] 

[Effect of the Invention] According to this invention, it can prevent a carbon coat or depositing as mentioned above on the optical element 
which constitutes an X-ray aligner, or a mask front face. Therefore, it becomes possible to prevent the decline in the reflection factor of a 
multilayers mirror and the fall of the contrast of a mask which are used as an optical element Consequently, it becomes possible to 
maintain the high throughput over a long period of time, and high resolution in an X-ray aligner. # 
[0045] Moreover, it is possible it not only to prevent a deposit of a carbon coat, but to remove the carbon coat which already deposited in 
the case (claims 1 and 2) where an oxygen ion beam or ozone is sprayed. Furthermore, when it constitutes so that ozone may be sprayed, 
what is necessary is just to attach a thin nozzle in the vacuum housing in an aligner, and in case this equipment is constituted, there is an 
advantage that the degree of freedom of a design increases. 

[0046] In addition, although each example explained the case where the Schwartz SHIRUDO mirror which becomes contraction projection 
optics from the spherical mirror of two sheets was used, this invention functions effectively also to optical system with still more number of 
sheets of a spherical mirror, or the optical system using an aspherical mirror. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] # . 

rprawing LI It is the outline block diagram showing *• and one example of invention according to claim 1, and the principal part ot tne A- 

ray aligner of the contraction projection mold using a reflective mold mask is shown. 

[prawinq 21 It is the outline block diagram showing •* and one example of invention according to claim I, and the principal part of the X- 
ray aligner of the contraction projection mold using a transparency mold mask is shown. 

prawing 31 It is the outline block diagram showing and one example of invention according to claim 2,' and the principal part of the X- 
ray aligner of the contraction projection mold using a reflective mold mask is shown. 

[Prawing 4] It is the outline block diagram showing •* and one example of invention according to claim 3, and the principal part of the X- 
ray aligner of the contraction projection mold using a reflective mold mask is shown. 

prating 51 It is the partial outline sectional view of the optical element or mask which is installed in •• and an X-ray aligner according to 
claim 4 and with which processing make it hard to adhere carbon to a front face has been performed. 
[Description of Notations in the Main Part] 
lion Source 

2 Reflective Mold Mask 

3 Concave Mirror 

4 Convex Mirror 

5 Wafer 

6 X-ray 

7 Vacuum Housing 

8 Flowmeter 

9 Lens-barrel 

10 Ozone Generator 

11 Nozzle 

1 2 Schwartz SHIRUDO Mirror 
14 Source of Gas Supply 

22 Transparency Mold Mask 
31 Infrared Heater 

51 FTFE Layer 

52 Multilayers 

53 Substrate 

61 Oxygen Ion Beam 

63 Ozone Gas 

64 Infrared Radiation 
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prawine 51 
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n-fnfiiSS - ?^^ 2 2*iJ:c^i£bBa4©*®irgEB-r 

t>e-A6 2Si«ifc. encko. B;«£sig7i^ 



(6) 



&mW-6- 1 5 12 8 1 



Torr"C3Jofc. 
C0 0 32] CCiSteSmoTT. l^*K6B*b 

Sfcfcffi^ fiA5 (l^*h> CS«8bfcXB©F • 

-xs (j|ittiB«afco©xgaiK).e«3tufc. *® * 

ISJfc. BB*f l'* w "* 2x,0 " ITorr ® 

&B&igjE&H-xfi*<#&ft. »«'f^>*«t^'f^ 

>fcbfc*^fcKR»-«fc*X»©»«imB8TS*eK 

[0 0 3 3] 2<k£!iffi«l4^®* 
-<*>tr-A6 2£ttBS»»bfc**&. X«ICJ:«US> 
^h^(DBJt*1000lHlfifofctC:5. BifcBTHUB* 
BHTBJEfcXB© F-Xfi**»Sft. F fcfilB 

^-5x»©^ff©is^tte«)6n35t*>t>fc. it«©fc© . 

BB-f*>l£-A*B»*TKl'*X 
0 ttC5. +RB©«**ff5tHUBJI£»nTttB 
jEftH-X«*»#6tlft<3Stofc. *b"C. 50EB#b 
fcBTttBIEfc H-X«*»»fc»KB3W«*«*B 
tfBS©2teg«fc£TSS«-r&S*t£bfc. Bit 
3ftfc/t*->©»«rt*>BTbfc. H©#BT. X© 
ttB«*-nc. -f*>BllCJ:0BB-f*>H-A6 2 
fc'ttSBifiSv** 2 2 £dlBB4 Kloa-lBBitbfc. 

Bbfc. COBB* 6. BB-f*>tfr-A©B»»cJ:t> 
T, ft?ft? (SiSS^X^ 2 2 43«fctfi!!iBtt4) ©& 
BltWHlUfcff»R*«l*3s**lT7C©*»KB«UfcCi; 

[0 0 34) 

UHKB3] B3tt. BBB25eB©--*li£W£7R-r« 
BSBfifcHT?**. B3K49WT, H 1 fcW— BffifeWf 
*B«R#KOV»T»4H— BS-S-ttbT-tOKBSBfi 
«BT«. *3*iIgW©X»Bfti£fi»4. BBBITB^ 
fcBB-f*>tf-A«D«fo-OK*'/>*fX (O,) Sffl 
W. Z.O**/>iJX*R*t&-*7>>? 2 t->»wy->* 

F 5 5- 1 2 ©ABB 4 *5«fctfKJBtt 3 1 \zK$ tttt* 
iSfcBfiEbfcfc©"?**. -t-IxT.-*Ofc*0*ftt 
bT. *V>&&&&1 0. JX)V\\, Bfitf-8. # 
XtftBSl 3*J«ktf#X#BBl 4£*B*.Tl^*. * 
»/>5e£8fil0tt, #*#BB1 4*>&#BSftfc» 
£S5B»ttB. BBtt«*fcttBfl-B»C.J:*3fc 

fc*\/>^^li. tfXttBSl 3SB0#B«th8 a. 
8b. 8cS*bTW*ti;X;Hla. lib. 1 
1 c^&EStBv;*^. OBB4*J«ti;C3ffiB3Cl6l 

tt-cfcSttttSft*. 



[0 0 3 5] E«S!-7X.i'2l3^ > y>^^S:»»:€f#WS 
fg 1 ©/ X;H 1 a tt. . StSSB 7 rtgB©8BBttSI€rJi 

bTKBSftTH*. ^a/\;uy->;kH5 5— 1 
2 ©CiffiB4*±^IHl®ft3 \Z*V>#X&*%ttHZ 
B2. B3©/X;H 1 b. 1 1 ctt. ! ya.JVVy->)V 

H55-1 2©B«9KBW-&ftfciiaK-tft-€ f ftB0 
tttt&ftx^*. &yX;n i*^S2SB7rtc*x 
sn*^-7>^x©£E*tt. -€-n*n©yxjn nc» 

ftbTKtt SftfeBfttf 8 SBfi-f * C tT$9BT€ 
*. ft*s. S/XJH 1 ©KfifcBbTtt. X86£B 
* C Hi 5 fc*-©B{* <ttfi £B2£K£ bTfc < . 

[0 0 3 6] &±©£5&#lJ&©X»B#BBK:43U 
T. ;XJH la, lib. 1 1 c 6 -eft-eft 2 seem 
(D**/>ilX 6 3 *SMIT^ 2 , Ssa. AJl/y >^ F 
57-1 2©OBB4^«fcl^lHlBB3tn>C*mtfc. £ 
©P*©K2SS7pi©JEAte, <S6X10-»TorrT*t> 
fc. d©^-53iB«©TT. U-^XhfcBtfl/fcSXA 
5 £BE9XAX7 i --;>tC«BbTXBfc«k*Btt£?T 
V. C7XA5 (b>>XF) fcgJi§bfcX»©F-XB 

($Mtt®«3fc0©X8B£) *B5£bfc. *©B*. 

^T? 2 x 10-«Torr©ff A©BS 
*TB#bfc«££rabB#l»?WT% BJttK&EfcffilE 
.fcF-Xfitf&fcft. 6 3**^»/>58^ 

SBl 0TB«l/J**»ofcttBKJt*X»©»«ttBa 

[0 0 3 7] 5»ffiVX?2, fijffi«4*5.fctflH 

BB3fc:*y>;tfx6 3&fcB*Mltbfc*te>.. X8i:i 

4U5?^h^©B3t«1000lllff-3fctC^. 
UB3t^P3T3ijEJS:XB© H-XB*»#6ft. l'-^ b 

tri]a-r4x»©^(a©.«^ttBJ6e.ftft*^fc. Jt«i 

©fc*K. *'/>*f^***f*»tr»Cl/^Xh©B3tt«r 
fT^>fctC5. +»B©B3t£ff3£fUCB3fcBSiym4 
BiE&H-Xfi*^e.ft>a:<J&:ofc. -tbT. «0@BJt 
bfc«TttSjE3!J: H-Xfi*^<E>fc«)CB3t«fra«:B3t 
PSJ&^©2f&SfiC$Tffi«-r*£5'B*^bfc. B 
3t*ftfc-'^->©«PB*'bfiTbfc. £©*BT. X 

2. OffiB4*J±tfGaB«3»ClO#Mifcgttttfc. -tb 
T. B^XB*B»bTU^h©B7t*fTofci:J: 
5. BI0©B^raTBiE^H-Xfi*^6ft*±5»r 
&^>fc. by^h©»«*t>te«i>©ttffi*-C®« 

bfc. c©«**>6. ^•7>^x©ij»:#( i ttt*Jit-e. 

tc^B^- (S«SV7.i7 2. Bfl®«3iJj:tW!iffiB4) 
©SB lc«f W b fc^B**l^* S ft T7E©ttffit-EIB b 

[00 38] 

mffi0ij4] ei4»i. MEm3 5gw©-^ffi«os^-r« 

BSBfiEHT**. B4K4»V»T, B 1 <fcP]— Bfi8££"f 
•SffifigEfr^^^T^-WF^^bT-ewK^SrSS 



(7) 



®m*r-6- 1 5i28i 



#Og-r*. #BJE0J©XBB#8B«*. MEB*&»ft 
^iU-Cffl^fci'a^ , > , >Jl' HS 5- 1 2 SBeM" 
aflffi«4 4 2:iaBft4 3ICffittSnfc£BK. *5±tf ' 
4 2 ©ES*B£ LTS2ttfc*BK£ UT. 

svx* 4 2 tflffift 4 4 £jta&-r a unseat u-c. 

4 2 £fcte£iBfi64 4 iCflttTEBf *E»«*» 6 
/«t*#n»k-^-3 ISOBATH*. flffiB4 4£fl) 

-1 2©ftlB9t8a:tt6tlfcMa9 aSIl/TWS6 

4*tostt4 4©s®cBawsn*<fc5»c82SsnTu 

*. EBB - ?** 4 2 £dbBB4 4 fcttBB** (Hsr* 

[0 0 3 9] W±©*5fc«fi&©X«SftBB»-*Jlr> 
T, #*afc-*-3»C«fc0EWffi-7**4 2i(2ii5& 
4 4ifc555*86 4*JI»LTB##»C» 500*C£&& 
.k5fcin»bft**6. X»fc«fc5VS?*h^©Btt*10 
OOSff^fc. -toe*. lOOO0B3ttL-fcftT?tt. SIEfc 
BWw&BfcXB© F-XB*1t*fc©fc&BfcB>ttl5 
|B*tlllli<OBJt©^±D , btt5Xfi<3S:-3fc*^ BB 
;&<&B<bttB*S*l&*^fcv tn,;: **b"r, EBB"* 1 
4 2*J«fcI«bB«4 4 £tHS&€:l,fcl'>TV'S?X h© 
B^ff^fct^*' +*B©«*ftff?>fc*-Cttin 
g £ B UBJWffl-CttBIEfe H -XStfft 6 tltj. < 13. 

0, 50E8#Ufc£^teSiE&F-XB£B*fc«>»::& 
BfeB3fcB5KlttllaJS0>fc£2«£fc-3fc. /I* 

->©BBat><rFL.fc. 
[0 0 4 0] fc*5, J08»^att^»5>y*»S^** 

nat-^-3 ncisfcsns *>©•?«:&<. B©an8& 

[0 04 1] 

[BffiWS] B5tt, Bf3B4»9i©XBSttBBKffi 

C©«fc5fcifc¥B : ?-*fctt"*'**tt> HI oil 

KIC*W*GfliBB3. fi.B»4*«ktfE»I!v;**2<>: 
bTffl^fcOf. #7**fcttSiC «©-fe?5*:**> 
6&**S4 3t. r<DS«4 3±IC^fi£*nfc»10~ 
S100 !©£BB4 2 (0TttHft£ ! gBSl/-C**) 

1. ^SK4 2±C^fiE«nfcPTFE OtfiJxF?? 
Wnifl'J') H4 1 iTBfiK*nru>4. fcfc* E 



£. -t©»£BB4 243«fctfRiR#±«IPTFEB4 1 
£»fi£L-fc. £©«£.. ffi8E»iR*£PTFEB4 1 £ 

/S-r-5«Jf2K | R« : i*BI!§4 2|UJ©BStt£>rrfcJi>K 
KPTFEB4 l£g±BiLfc£*<ff*L^. PTF 
EB4 1tt. ^i/BJS^^^y^O-aT. unSB 

[0 0 4 2] cnePTFE®4 l*^ricStlfcJt^B 

?fc«ktfTx**. x«3t^*««dcr*->a.n;pyv' 

;p F 5 7-©IMBft£i!!iBfiS*5«fctfEBS' ! ?'.X£ t UT 
KBU X»!CJ:*US>Xh-^oB3tt*l000Elffofc. 
*©BS. l0O0@B#bfc«Ttt. BiEfcBifcfc&Bft 

x»© F-xs£#4fc©fc&BfcB3fcP3ra# 1 ma© 

B#©P$«fcD*>*J5Kfi<ttofc**. #»*©3£<bttB. 
A^nSA^t. CWCttbT. PTFEBSKttT^ 
fc^DOBB. fiiBBi$.fctfEBl! , 7X*£B<<>fcteteB 
B©*fr*K3£UTU^X h©BJtSfTofctil%. + 
»S©B3tt*ff t>fcB"Ctt 1 SB t^UBJtRpMTttB 

fc«TttB3Efc F-XS£#*fc«>l;:&BteBftl5ra«: 
lSa©S«2«tftofc. Sfc. //< *->©#«**> 

[0 0 4 3] fe*J. *SIJ£BT««B©ttB£l»ltt-S 
SBfflS t UTft^B? 43 i&17<>? ©SBK P T F E 

©•?«&<» te©wja«:ffla*iiSbTt>fiv>. 

[0044] 

[B9J©35&B] K±©«k5fc*58WIC«fetitf. XBBft 
Be*Bl5£T*#¥B^^X*.BB»cBBBK^*rtii 

•f*©*6&ii:-r* a. ■?•©&«>. yt^ttt. 

UTffl^5^BB5 7-©E»JP©<6T-<» , 7^^©3> 
h5^h©<ST*W<^i:3* tB IB-t^*. *©«*' X 
»B#BB»C*5^TfiMra»*fc*:*5B^*^-Xs' H 

[0 0 4 5] BB-f^>t-i»*fc«* < />Si»>C 
<BJRJIl*5.fctf 2) Ttt. ^B«[!?©«t 

5lcBB)cbfc«^«. BJtBB(C*tt*«aS?Brt»wtt 
BV>/XJU£fc0tt»**;fc*tt"?8r*. KBBSBfiKT* 
B«CK»© S SB^B-T t W 5 fiJ^fe * . 
[0 0 4 6] fcfc. ft^JfiffUT«»/hlft»^*tC2«C 
©3«B«*» 6> ^* ->JUH5 
tCO^TBlWUfc^. S5C3»®B©^»©^^^^ 
*fc«#»BB*ffl ^fcit^» IC» L/ T fc*58 

c«B-r-6t)©-c»*. 

[^©tt&ftftQH] 

[01] «. W*JSl!2B©56BJ©-SliSW*^t-«lBS 



<8) 



128 1 



[0 2] it. 1 B«©»W©-»B«***"BBI 

[0 3] «. B»*fl2l3«©«WO-HlS0i]*^ - r8l»' 

[04] tt. ffl#«3ffi«©S59!©-H!S0J€:^"r«ffi 
Bj£0T»O. £ttgVZ*«:ffli'>fc0/.M9«g!©XB 
BttBB©£B85*7*l'"CH4. 

[0 5] «, Bt3*Si4f2«®XBB#BfifcKBSn 

[£g8#©8F*t-©Sl93] 
l -f*>ig 
2. fiSt£T** 

3 MSB • 

4 asb 



5 
6 
7 
8 
9 

10 
1 1 
1 2 

1 4 

2 2 

3 1 
5 1 
5 2 

5 3 

6 1 
6 3 
6 4 



XB 



05ft8t 

*>/>58££B 

PTFEJ8 
£BR " 



[01] 



(05] 




